The black hole merging rates inferred after the gravitational-wave detection by Advanced LIGO/VIRGO and the relatively high mass of the progenitors are consistent with models of dark matter made of massive primordial black holes (PBH). PBH binaries emit gravitational waves in a broad range of frequencies that will be probed by future space interferometers (LISA) and pulsar timing arrays (PTA). The amplitude of the stochastic gravitational-wave background expected for PBH dark matter is calculated taking into account various effects such as initial eccentricity of binaries, PBH velocities, mass distribution and clustering. It allows a detection by the LISA space interferometer, and possibly by the PTA of the SKA radio-telescope. Interestingly, one can distinguish this background from the one of non-primordial massive binaries through a specific frequency dependence, resulting from the maximal impact parameter of binaries formed by PBH capture, depending on the PBH velocity distribution and their clustering properties. Moreover, we find that the gravitational wave spectrum is boosted by the width of PBH mass distribution, compared with that of the monochromatic spectrum. The current PTA constraints already rule out broad-mass PBH models covering more than three decades of masses, but evading the microlensing and CMB constraints due to clustering.
The black hole merging rates inferred after the gravitational-wave detection by Advanced LIGO/VIRGO and the relatively high mass of the progenitors are consistent with models of dark matter made of massive primordial black holes (PBH). PBH binaries emit gravitational waves in a broad range of frequencies that will be probed by future space interferometers (LISA) and pulsar timing arrays (PTA). The amplitude of the stochastic gravitational-wave background expected for PBH dark matter is calculated taking into account various effects such as initial eccentricity of binaries, PBH velocities, mass distribution and clustering. It allows a detection by the LISA space interferometer, and possibly by the PTA of the SKA radio-telescope. Interestingly, one can distinguish this background from the one of non-primordial massive binaries through a specific frequency dependence, resulting from the maximal impact parameter of binaries formed by PBH capture, depending on the PBH velocity distribution and their clustering properties. Moreover, we find that the gravitational wave spectrum is boosted by the width of PBH mass distribution, compared with that of the monochromatic spectrum. The current PTA constraints already rule out broad-mass PBH models covering more than three decades of masses, but evading the microlensing and CMB constraints due to clustering.
I. INTRODUCTION
The recent detection by Advanced LIGO of the gravitational waves (GW) emitted by the coalescence of black hole binaries [1, 2] and the unexpected high mass of the involved BH (36, 29, 14 and 8 solar masses M ) have revived the interest for models of primordial black holes (PBH) that could constitute a large fraction or even the totality of the Dark Matter (DM) [3] [4] [5] [6] . But do the present astrophysical constraints allow such a population of massive black holes? Do the detected BHs have a primordial origin? If so, is it possible that these PBH account for the totality of DM? The debate has been reopened by the AdvLIGO discovery.
On the pro-side, it has been shown that consistent merging rates with the one inferred by AdvLIGO can be obtained for two simple PBH-DM models, one extrapolating the DM halo mass function towards small scales [4] , and one where PBH are regrouped in dense sub-halos such as the ultra-faint dwarf galaxies [5] . The latter model would also provide a natural explanation to the missing satellite and too-big-to-fail problems if the existence of thousands of such ultra-faint satellite galaxies were confirmed, in which the PBH population could prevent the formation of stars and make their trajectory unstable in such an environment. Furthermore it has been shown that PBH-DM halos could explain some unexpected fluctuations in the near-IR cosmic infrared background (CIB), found to be coherent with the unresolved soft X-ray background [7] .
On the con-side, it has been proposed that BHs as massive as the ones detected by AdvLIGO could also result from a particular stellar evolution in high-metallicity environments [8] . Moreover a population of massive PBH accounting for the totality of DM could have induced signatures in the CMB anisotropy angular power spectrum 1 [9, 10] , or should have been detected through microlensing events of stars in the Magellanic clouds [11] [12] [13] , although it is debated and model dependent [6, 14] . But the physical processes leading to signatures in the CMB are subject to large uncertainties. Especially the accuracy of the Bondi accretion approximation is not well established and could be suppressed by the large BH velocities in the case of early clustering. Finally, regarding the microlensing constraints from EROS, MACHOS and Kepler, they are naturally evaded if the PBH are clustered in the galactic halo so that the probability of finding such a cluster in the line-of-sight of the Magellanic clouds were the observations were done is actually very low [5] .
As a consequence, further observations will be required to distinguish between the different models and in order to validate or definitively rule out the massive PBH-DM hypothesis. Future observations of numerous merging events, possibly involving even more massive BHs, or binaries with high orbital eccentricities, would allow to distinguish between a stellar or a primordial origin [15] .
1 CMB spectral distortions are also expected and Ref. [9] claimed that masses larger than M are ruled out by FIRAS. However Eq. (44) in [9] has a factor (1 + z) −2 missing, which leads to much less stringent constraints (by a factor of a few millions).
There is now an agreement in the community that PBH-DM is not constrained by FIRAS.
They could also allow to reconstruct the PBH mass spectrum and reveal how clustered PBH are [5] , which would help to reveal their mechanism of formation in the early Universe [16, 17] . The next runs of LIGO/VIRGO could increase dramatically the number of detected PBH mergers. Another rich source of information could come from the detection of (or from the constraints on) a stochastic background of gravitational waves induced by a huge population of massive PBH [18, 19] . The goal of this paper is to compute the expected stochastic background of GWs produced by massive PBH clustered in compact halos and with some mass distribution, as in Refs. [3, 5, 16, 17] . We examine more particularly how the GW background produced by primordial BH binaries could be distinguished from the one of BH stellar binaries, due to the limited impact factor in the process of PBH capture that affects the GW spectrum at frequencies probed by future space interferometers and pulsar timing arrays (PTA). Our analysis also considers the effects of eccentricities and velocity distributions, as well as the case PBH have a broad mass spectrum, instead of having all the same mass as in the recent analysis of [4, 6, 15, 18, 19] . Finally we discuss the detectability of the signal, not only with future Earth-based GW detectors like KAGRA [20] and ET 2 [21, 22] , but also with future GW detectors in space such as LISA 3 [23, 24] , DECIGO [25] and BBO [26] , as well as with current and future limits from pulsar timing arrays such as EPTA 4 [27, 28] , IPTA [29] and SKA 5 [30, 31] . Our main result is that the GW background induced by PBH-DM models consistent with AdvLIGO rates is detectable by LISA, and possibly by the SKA-PTA if their mass distribution is sufficiently broad. Indeed a broad mass spectrum is found to strongly boost the stochastic GW amplitude, so that the current PTA already constrain broad-mass PBH-DM models with 10 −2 M ∼ < m PBH ∼ < 10 4 M . Moreover, we find that the GW spectrum exhibits a very specific frequency dependence that will help to distinguish it from the one of non-primordial BH binaries. This effect is directly linked to the PBH clustering, enhancing their velocities and reducing the maximal impact parameter in the PBH capture process. This implies a minimal frequency for the GW emitted by binaries formed through PBH capture. Typically, for velocities larger than tens of km/s, e.g. corresponding to PBH clustering within ultra-faint dwarf satellite galaxies, we predict a suppressed spectrum at PTA frequencies and a slight but detectable modification w.r.t. the typical f −2/3 frequency dependence of the strain h c (f ), on frequencies probed by LISA.
The paper is organized as follows: The formalism used to calculate stochastic backgrounds of gravitational waves is summarized in Section II. In Section III we describe our synthetic population of PBH binaries. The effect of initial eccentricity is calculated in Section IV. Section V focus on PBH merging rates in both the monochromatic approximation and more realistic broad mass spectrum case. In Section VI we compute the stochastic GW background for our model and discuss its detectability with future GW experiments and PTAs. Our results are summarized and some perspectives are presented in Section VII.
II. STOCHASTIC BACKGROUNDS OF GRAVITATIONAL WAVES
A population of massive BH binaries induces a stochastic background of gravitational waves (GW), that is characterized by the relative GW energy density to the critical density ρ c today, per unit interval of logarithmic frequency,
where f is the observed GW frequency. Another key quantity is the GW strain amplitude h c , given by [32, 33] 
The GW energy spectrum is given by the superposition of the GW radiation coming from merging BH binaries over the whole cosmic history,
where dE gw /d ln f r is the released energy by the merging events, per logarithmic interval of the rest-frame frequency f r = f (1 + z). In the Newtonian limit, it is well approximated by
within the range f min < f r < f ISCO , where e is the eccentricity of the orbit and M c is the chirp mass of the BH binary, defined as M 
The value of the minimal frequency f min is related to the initial BH separation a 0 ,
The maximal frequency f ISCO ≈ 4.4 kHz (M /M ) corresponds to the innermost stable circular orbit. For stellarmass BHs, this maximal frequency is well above the frequencies probed by PTAs and space interferometers, but it is within the range of AdvLIGO and other earth-based interferometers, for typical BH of several tens of solar masses. As explained later, the typical initial BH separation can range from 10 −5 to 10 3 astronomical units (AU) for BH regrouped in 10 6 − 10 9 M halos, corresponding to frequencies ranging from 100 down to 10 −11 Hz. In the scenario considered here, BH binaries are formed when two PBH trajectories cross sufficiently close to each other so that they become bounded and start inspiralling, until they merge, which does not immediately produce circular orbits but instead highly eccentric orbits. Soon after starting spiraling around each other, the emission of GW also radiates angular momentum and the eccentricity goes to zero much faster than energy emission [34] . Nevertheless we analyse in Section IV for the low-frequency part of the GW spectrum, close to the initial emission, whether some eccentricity remains for more than one orbit, and whether or not it should be taken into account in the stochastic GW background calculation.
In Eq. (4), dn/dz is the number density of GW events within the redshift interval [z, z + dz], related to the merger rate τ merg in a comoving volume through
The Hubble rate is given by
where Ω DM , Ω b , Ω r are respectively the today dark matter (DM), baryons (b), radiation (r) and cosmological constant (Λ) energy densities relative to the critical density. Throughout the paper we assumed the best fit values after Planck [35] .
In the PBH-DM model of Ref. [5] , the PBH are assumed to be clustered within compact virialized halos already at high redshifts, whose size and density are almost constant in time. This means that the merging rate per unit of comoving volume is approximately constant over the whole cosmic history. Therefore, assuming a monochromatic PBH mass distribution, one gets a characteristic strain today
with τ merg in units of yr −1 Gpc −3 , which gives
F (e) 1/2 .
(10) This is the right order of magnitude for a detection of the GW stochastic background produced by inspiralling BH binaries of a few tens of solar masses in the range of AdvLIGO, for merger rates in the tens of events per year per Gpc 3 . One goal of the paper is go beyond the approximation of a monochromatic mass distribution, which is obviously not supported by the AdvLIGO events. The case of a broad mass distribution is considered in Sec. V B. In this case, the merging rate depends on the two progenitor masses m A and m B . One therefore has to integrate Eq. (9) over m A and m B in order to get the strain,
, where τ merg (m A , m B ) is now the merging rate per comoving volume, per unit of logarithmic mass interval.
III. SYNTHETIZING A POPULATION OF PBH BINARIES
In order to cross-check our analytical calculations and to ease the inclusion of new effects such as PBH velocities, general mass distributions and cluster density profiles, we have synthesized a representative population of 10 6 forming PBH-binaries. The marginalized spectrum over all the considered effects is then computed from the posterior probability distribution of the strain amplitude.
We have considered the case where all the PBH do not have the same mass but instead they follow a broad, lognormal, distribution
(12) of central mass µ PBH and width σ PBH (note that logarithms are log 10 ).
We followed the picture detailed in [15] . Binaries are formed when the energy radiated during the close encounter of two PBH, in the form of GW, is large enough for PBH to become gravitationally bounded to each other. The released energy during this capture process is given by
2 and m A , m B are the two progenitor masses. The pericenter r p0 is related to the initial orbit semi-major axis a 0 and eccentricity e 0 through r p0 = a 0 (1−e 0 ), themselves related to the initial PBH relative velocity w and to the impact parameter b through
1−e 
We considered a uniform distribution of b between 0 and b max but excluded too small values of b leading to e 2 0 < 0. This implies some cut-off in the distribution of a 0 and f min . As in [15] we assumed that w = √ 2v PBH . We considered a Maxwellian distribution of PBH velocities,
with
IV. THE EFFECT OF ECCENTRICITIES
Since the GW emission from inspiralling BH orbits also radiates away angular momentum, most BH binary systems contributing to the stochastic GW background have circularized their orbit. Nevertheless one has to take account that a small fraction of them, the ones with orbits that are neither close to circular neither close to parabolic, i.e. e 0 ∼ O(0.1) can affect the GW spectrum. In particular, they can modify the f −2/3 behavior of the characteristic strain on frequencies associated to the first revolutions and thus could leave a signature of the primordial BH origin. In order to determine how important is this effect, we must take into account the eccentricity of the orbits in Eq. (9) .
The evolution of the semimajor axis a of the orbit as it looses angular momentum can be computed exactly as a function of the eccentricity [34] ,
G(e) = e 
whereḠ(e) ≡ G(e)(1 − e), and (a 0 , e 0 ) are the initial semimajor axis and eccentricity of the orbit, which are related by the condition that the closest approach at periastron should not be smaller than the Schwarzschild radius of the system,
It is now possible to write the eccentricity dependence of the GW emission in terms of these initial conditions,
where the (restframe) semimajor axis depends now on frequency and mass,
and thus F (e) depends on mass, frequency and redshift.
Integrating over redshift and marginalizing over (r p , e 0 ), we obtain the final stochastic spectrumof Eq. (1). However, as it will be shown in Sec. IV B, the time it takes for the system to radiate its angular momentum and end up with no eccentricity, e 0, is less than a single orbit, and thus the effect of eccentricity can be safely neglected in the computation of the stochastic GW background.
A. Integration over redshift
The contribution of eccentricity F (e) in Eq. (21) to the GW amplitude (9) has three terms. The first one corresponds to the integral
The second one corresponds to
And the third one,
All these terms become (0.7642, 0.3602, 0.2945) H
B. Merger time of inspiralling BH
We can now assemble all the pieces together, but before we do that, we should compute the time it takes for the eccentricity to go to zero for initial values of (M, a 0 , e 0 ). This was computed by Peters (1964) , for e 0 1 t decay = 2.24 × 10 12 yrs a 0 1 AU 
Therefore, for heavy BH masses, one finds eccentricityloss times that are shorter than the orbital period. We will then have to assume in those cases that the GW emission occurs in circular orbits and thus the standard formula is valid. The GW emission timescale therefore sets up a lower bound on the frequency, which constrains the effect of the eccentricity on the spectrum. Alternatively, we can compare the time of decay of the eccentricity (26) with the period of the binary,
Therefore, in order for the decay to occur in more than a single orbit one needs to satisfy
which for M = 60 M and a 0 = 100 AU, one obtains 1 − e 0 > 1.42 × 10 −4 . Using Eqs. (15) and (14), this constraint can be rewritten, in the limit where b/b max 1. One obtains η ∼ > 4×10 5 , independently of M , w and b. It is never satisfied given that η < 0.25. Going to the limit b/b max 1 does not help because the r.h.s. of the inequality blows up by a factor (1 − b) −12/7 . Therefore in the context of a standard two-body capture it is impossible that the binary preserves a large enough eccentricity over more than one orbit, independently of the impact parameter and the initial velocities. This was confirmed numerically with our synthetized population of binaries, never satisfying the constraint of Eq. (29) . The effect of eccentricities can thus be safely neglected in the calculation of the stochastic GW background.
It is nevertheless worth noticing that the rapid angular momentum loss implies that important energies are also released in the form of gravitational waves, in a time scale going from seconds to hours depending on the PBH mass. This should induce strong bursts of GW at the moment of capture. The study of these bursts and the question of their detectability are left for a future work.
V. PRIMORDIAL BLACK HOLE MERGER RATES
If PBH are uniformly distributed in the halo of massive galaxies, their cross section is so tiny that it is impossible to reproduce merging rates in the range inferred by AdvLIGO, going from 20 to 200 yr −1 Gpc −3 . However if they are clustered within smaller sub-halos, their merging rates are boosted. This case was considered in Ref. [4] by extrapolating towards small scales the observed DM halo mass function. We focus here on the alternative model of Ref. [5] where PBH are regrouped in virialized sub-halos such as ultra-faint dwarf galaxies. This model was characterized by a single parameter: the local density contrast δ loc.
PBH of PBH inside such clusters, compared to the cosmological DM density. Values δ loc.
PBH ∼ 10 9 − 10 10 are typical to the DM density in globular clusters and ultrafaint dwarf galaxies detected by Keck/DEIMOS [36, 37] and DES [38] and induce compatible merger rates with the ones inferred by AdvLIGO.
In this section, we summarize how to obtain the corresponding merging rates following [5] , A) in the simplest, less realistic case of a monochromatic mass distribution, B) by extending the calculation to the broad spectrum case. We also extend previous calculations by marginalizing the PBH distribution over some sub-halo density profile.
A. Monochromatic mass spectrum
The PBH individual merging rate is given by the capture cross-section σ capt of two black-holes in dense clusters, which has been calculated in Refs. [39, 40] . The criteria for crossing BH to form a bound system is that the energy lost in the form of gravitational waves is of the order of the kinetic energy. Once gravitationally bounded to each other, the two BH quickly merge, typically in less than a million years. In the Newtonian approximation, this capture rate is given by [40] 
where n PBH is the PBH number density and w = √ 2v PBH is the relative velocity of the two BHs 6 . Because the cross-section is much larger than the BH surface area, the Newtonian approximation is sufficiently accurate.
One can then define the local density contrast δ local PBH as n PBH ≡ δ local PBH ×ρ DM /m PBH , withρ DM = Ω DM ρ c the mean DM cosmological density. The capture rate, referred now as the individual merging rate, in a comoving volume is then
whereas the total rate per Gpc 3 comoving volume is obtained by multiplying it by the PBH number within this volume,
The factor f DM is the fraction of DM made of PBH inside those halos. It is lower than one if a non negligible fraction of PBH also populate e.g. the galactic halos and/or the extragalactic medium, or if PBH constitute only a fraction of the total DM. It is worth noticing that the merging rate is independent of the PBH mass. In the considered model, it is constant in time, which corresponds to the assumptions that PBH clusters are already virialized at high redshifts and do not evolve much in time.
Finally, one notes that the merging rate within a single halo has a n 2 PBH dependence. Thus one can marginalize merging rates over some specific halo density profile ρ(r) simply by replacing δ local PBH by δ local PBH f profile with f profile = ρ 2 / ρ 2 , where averaging is done over the halo volume up to some radius above which the remaining PBH will produce negligible merging rates. For instance, in the case of a common Einasto profile, for a total halo mass of 10 5 M and an averaging radius 20R s = 400pc, one gets δ local PBH f profile ≈ 5 × 10 8 with a corresponding Virial velocity of about 70km/s.
B. Broad mass spectrum
We now focus on the case where all the PBH do not have the same mass but instead follow a broad, lognormal, distribution
(33) of central mass µ PBH and width σ PBH (note that logarithms are log 10 ). In that case, the total merging rate per unit volume and per logarithmic interval of masses, which is the one required in Eq. (11), reads
The total rate is given by one half the integral of τ merg (m A , m B ) over the whole mass range. As in the monochromatic case, the local density contrast only rescales the merging rate linearly. As discussed in [5] , increasing the width of the mass distribution enhances the merging rate. The amplitude (11) then becomes 
with α = 23/21. Note that for a monocromatic mass distribution peaked at M = µ, we would have R(σ = 0) = 1. For broad spectra with σ ≈ 2 it was found that lower local density contrasts 10 6 ∼ < δ loc.
PBH ∼ < 10 8 can produce merger rates in agreement with AdvLIGO limits. In the next section we discuss how this can affect the induced stochastic background of gravitational waves. 
VI. DETECTABILITY OF THE STOCHASTIC GRAVITATIONAL WAVE BACKGROUND
In this section we compute the stochastic GW spectrum and explore the effects of the PBH mass distribution and of the clustering through the halo Virial velocity. The marginalized GW spectrum over PBH masses (in the broad spectrum case), velocities and impact parameter b, have been computed from the posterior PDF of h c obtained for a synthesized population of 10 6 binaries. The two cases of a close to monochromatic and a broad mass spectrum are considered. In each case, the detectability of the signal by space GW experiments and PTAs is discussed.
If the limit of low Virial velocities (v vir ∼ < 10 km/s), corresponding to low-mass or extended PBH halos, the analytical estimation of the strain amplitude is valid for any width and mean of the PBH mass distribution if the factor R(σ) calculated in the previous section is included. Analytical estimates are also valid at large frequencies (but lower than f max ), for larger PBH velocities. After combining Eqs. (36) , (38) and (32) , the squared strain is given by
One can then compute the stochastic GWB amplitude
The numerical spectra are represented on Fig. 3 for various values of v vir and σ and are consistent with analytical estimations in the low velocity/large frequency limit, in both cases of a (close to) monochromatic and broad mass distribution. We also show the expected sensitivity of LISA for its worse and best designs, as well as the SKA sensitivity to GW through the observations of PTA, and the sensitivity of Advanced LIGO/Virgo (Runs O1, O2 and O5).
Even in the small-width limit of the mass spectrum, i.e. when R(σ) ≈ 1, the GW background reaches the sensitivity of LISA for δ loc PBH ∼ 10 9 , the exact value depending on the considered experimental design. Therefore LISA will probe models producing merging rates consistent with Advanced LIGO, for instance models in which a non-negligible fraction of PBH-DM is clustered within ultra-faint dwarf galaxies.
Moreover, given that R(σ) blows up for σ ∼ > 2, see Fig. 2 , the LISA constraint on δ loc PBH will be much more stringent in the broad spectrum case where PBH masses cover more than two decades, as in the model proposed in Ref. [3] . As a consequence, in case of a signal detection, and assuming that Earth-based experiments will have somehow improved the measurements of BH merging rates, LISA will have the ability to determine how broad is the PBH mass spectrum [24] .
Using PTAs, the present limits on the strain h c < 1.0 × 10 −15 (95% C.L.) at a frequency yr −1 from the Parkes radio-telescope [41] already exclude some models consistent with AdvLIGO rates (with negligible velocity effects), with PBH mean masses larger than ∼ 10 stellar masses and broad mass spectra σ ∼ > 3. With such a broad spectrum, the value of f max is suppressed for a large fraction of the PBH binaries, and therefore the spectrum at frequencies probed by AdvLIGO is also suppressed, thus explaining why such models should not have yet been detected.
Numerical simulations allow to study the effect of PBH velocities on the GW spectrum at PTA and LISA frequencies, through the minimal frequency f min . This minimal frequency is linked to the maximal bias parameter b max in the two-body capture process, which is affected by the relative PBH velocity. Increasing the velocity w reduces b max and enhances f min at such a point that an important fraction of the binaries cannot emit at PTA frequencies, and even a small but non-negligible fraction of them at larger frequencies in the range of LISA.
As a consequence, one observes that the characteristic h c ∝ f −2/3 frequency dependence of a population of massive binaries is modified for velocities v vir ∼ > 20km/s. The spectrum is found to be strongly suppressed on PTA scales, and the slope of the spectrum is slightly modified on LISA frequencies. This signature in the GW spectrum will be detectable by the best LISA design in the case of τ merg = 50 yr −1 Gpc −3 and µ = 30M , i.e. the most relevant models after AdvLIGO results. But even for less favorable LISA designs, the effect could still be detected for larger merging rates or larger mean PBH mass. Finally one notes that the GW spectrum could also reach the limit of the observing Run O5 of Advanced LIGO/VIRGO.
To summarize, PTA, space and Earth-based interferometers are very complementary probes of PBH-DM models. Combining these probes will allow to constrain not only the PBH abundances but also their mass spectrum and their clustering properties. They will also have the ability to distinguish between primordial and stellar origins of the BH binaries through a specific frequency dependance of the GW spectrum.
VII. DISCUSSION AND CONCLUSIONS
The first detection of gravitational waves from massive inspiralling black holes by AdvLIGO has opened the new era of Gravitational Wave Astronomy. In the near future we will have an array of GW observatories or telescopes operating both on the ground and in space, with increasing precision and resolution. It is therefore essential to characterize and predict all the possible irreducible stochastic backgrounds that will limit our ability to detect individual events far away in the universe. For this purpose we have studied in this paper the expected irreducible GW background form the inspiralling of a broad distribution of black holes that could have started merging soon after recombination, before the reionization of the universe.
We have studied the evolution and emission of a primordial black hole population from the initial capture down to final merging, and found that the amplitude of this stochastic background can be significantly larger than previously estimated, due to the fact that the PBH are distributed in mass far from a monochromatic distribution. We took into account effects like the initial eccentricity of the PBH binaries, their initial velocities, mass distribution and clustering.
We find that the stochastic background could not be seen by AdvLIGO, nor by PTA, but be easily detectable by the future LISA space interferometer. In fact, this background has become the most relevant irreducible background of gravitational waves for LISA. Therefore, it is extremely important to predict its characteristics with high accuracy. In particular, there are features of this background that had passed unnoticed in the past, like the slight turn over at low frequencies due to the limited range of initial semimajor axis allowed by the capture scenario we describe here. Moreover, we find that the initial eccentricity of the orbit will not play a significant role since gravitational wave emission makes all those highly eccentric orbits decay in less than a single orbital period for most of the parameter range.
Finally, the fact that the PBH mass distribution is not monochromatic induces a significant increase in the amplitude of the stochastic background, for relatively moderate widths of the lognormal mass distribution, well above that predicted by Ref. [18] . This increase comes from the merging of relatively low mass binaries with a large contribution to the PBH population. This feature will allow us to distinguish this background from the usual non-primordial binary black hole background from astrophysical origin, since no black holes of masses below a solar mass are possible in those scenarios.
In the future, we will be able to test the parameters of the inflationary model responsible for the generation of the peak in the spectrum of density fluctuations, a few e-folds before the end of inflation, that could give rise to these PBH, and thus open a window into the physics of the early universe, well above that accessible to high energy particle physics accelerators.
